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1
SEMICONDUCTOR OPTICAL EMITTING
DEVICE WITH METALLIZED SIDEWALLS

FIELD

The field relates generally to semiconductor devices, and
more particularly to semiconductor optical emitting devices.

BACKGROUND

Many different types of semiconductor optical emitting
devices are known in the art, including surface emitting lasers
and light emitting diodes. Some of these devices utilize gal-
lium nitride (GaN) to form an active semiconductor structure
for light generation. Surface emitting lasers and light emitting
diodes based on GaN have come into widespread use in
numerous applications, including traffic lights and other
types of solid-state lighting, indoor and outdoor electronic
displays, backlighting for liquid crystal displays, and many
others. These GaN-based devices have a number of signifi-
cant advantages, such as good optical beam characteristics
and ease of batch fabrication and packaging. Other types of
semiconductor optical emitting devices provide similar
advantages using other semiconductor materials.

SUMMARY

In one embodiment, a semiconductor optical emitting
device comprises an at least partially transparent substrate, an
active semiconductor structure, a dielectric layer and a metal
layer. The substrate comprises a first surface, a second surface
and at least one sidewall. The active semiconductor structure
comprises a first surface, a second surface and at least one
sidewall, the first surface of the active semiconductor struc-
ture facing the second surface of the substrate. The dielectric
layer surrounds at least a portion of the at least one sidewall of
the active semiconductor structure. The metal layer surrounds
at least a portion of the dielectric layer. The at least one
sidewall of the active semiconductor structure is tapered and
a first portion of the at least one sidewall of the active semi-
conductor structure has a different tapering than a second
portion of the at least one sidewall of the active semiconduc-
tor structure.

The semiconductor optical emitting device may be imple-
mented in the form of a surface emitting laser or a light
emitting diode, or in other forms.

One or more surface emitting lasers, light emitting diodes
or other semiconductor optical emitting devices may be
implemented with associated control circuitry in a lighting
system, an electronic display or another type of system or
device. As a more particular example, multiple semiconduc-
tor optical emitting devices may be combined in the form of
an array having associated control circuitry and implemented
in a lighting system, an electronic display or another type of
system or device.

Other embodiments of the invention include but are not
limited to methods, apparatus, integrated circuits and pro-
cessing devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an exemplary semicon-
ductor optical emitting device comprising a light emitting
diode having metallized sidewalls in an illustrative embodi-
ment.

FIGS. 2 through 11 illustrate respective steps in a process
of forming the light emitting diode of FIG. 1.
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2

FIGS. 12 and 13 are cross-sectional views of different
possible configurations for a light emitting diode in illustra-
tive embodiments.

FIGS. 14-19 illustrate respective steps in a process of form-
ing an array of light emitting diodes in an illustrative embodi-
ment.

FIG. 20 is a cross-sectional view of an array configuration
of light emitting diodes in an illustrative embodiment.

FIG. 21 illustrates a step in a process of forming another
array configuration of light emitting diodes in an illustrative
embodiment.

FIG. 22 is a cross-sectional view of another array configu-
ration of light emitting diodes with a common metallized
sidewall in an illustrative embodiment.

FIG. 23 illustrates an array of light emitting diodes having
metallized sidewalls in an illustrative embodiment.

FIG. 24 illustrates the array of light emitting diodes of FIG.
23 with a common array reflector in an illustrative embodi-
ment.

FIG. 25 shows an integrated circuit comprising an array of
light emitting diodes and associated control circuitry.

FIG. 26 shows a processing device that incorporates the
integrated circuit of FIG. 25.

DETAILED DESCRIPTION

Embodiments of the invention will be illustrated herein in
conjunction with exemplary light emitting diodes (LEDs). It
should be understood, however, that embodiments of the
invention can be implemented using a wide variety of alter-
native types and configurations of semiconductor optical
emitting devices, including, for example, surface emitting
lasers (SELs).

FIG. 1 shows an exemplary semiconductor optical emitting
device in the form of an LED 100. The LED 100 comprises a
sapphire substrate 102 and an active semiconductor structure
104. As shown in FIG. 1, a surface of the active semiconduc-
tor structure 104 faces a surface of the sapphire substrate 102.
In the view of FIG. 1, the surface of the active semiconductor
structure 104 which faces the substrate 102 is referred to
herein as a top or first surface. In the view of FIG. 1, the
surface of the substrate 102 facing the first surface of the
active semiconductor structure 104 is referred to herein as a
bottom or second surface.

The active semiconductor structure 104 in this embodi-
ment illustratively comprises a GaN LED structure, but
numerous other semiconductor materials and configurations
can be used in other embodiments. The GaN LED structure
may be epitaxially grown or otherwise formed on the sapphire
substrate using well-known techniques.

The sapphire substrate 102 is substantially transparent at
one or more wavelengths of the light generated by the active
semiconductor structure 104, and is an example of what is
more generally referred to herein as an “at least partially
transparent substrate.” Such a substrate may be substantially
transparent for a particular range of wavelengths that encom-
pass typical wavelengths of light generated by the active
semiconductor structure 104. A wide variety of different
types of substrates may be used in other embodiments.
Accordingly, use of a sapphire substrate is not required.

A dielectric layer 108 is formed surrounding the sidewalls
of'the substrate 102, the sidewalls of the active semiconductor
structure 104, and a portion of the bottom or second surface of
the active semiconductor structure 104. A remainder of the
bottom or second surface of the active semiconductor struc-
ture 104 which is not surrounded by the dielectric layer 108
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may form an area for p-contact 110. A metal layer 112 sur-
rounds the dielectric layer 108.

Light is generated in the LED 100 via an active region 106
of the active semiconductor structure 104, although numer-
ous other light generation arrangements may be used in other
embodiments. At least a portion of the light generated by the
active semiconductor structure 104 is emitted through the
substrate 102 from the bottom or second surface of the sub-
strate to the top or first surface of the substrate 102. For
example, portions of the light emitted from the active semi-
conductor structure 104 may be emitted along light paths 163
and 164 through the bottom or second surface of the substrate
102 and out the top or first surface of the substrate 102. Other
portions of the light generated from the active semiconductor
structure 104 may be emitted along light paths 161, 162 and
165 towards sidewalls of either the active semiconductor
structure 104 or the substrate 102.

The sidewalls of the active semiconductor structure 104
and the substrate 102 may be tapered such that light emitted
from the active semiconductor structure 104 towards side-
walls of either the active semiconductor structure 104 or
substrate 102 is reflected away from the sidewalls and
towards the top or first surface of the substrate 102. The
sidewalls of the active semiconductor structure 104 may be
tapered inwardly from the first or top surface of the active
semiconductor structure as shown in FIG. 1.

The dielectric layer 108 may be at least partially transpar-
ent at one or more wavelengths of light generated by the active
semiconductor structure 104. The dielectric layer may also or
alternatively comprise a passivating, anti-reflective dielectric.
The dielectric layer can further be configured so as to prevent
surface absorption of light generated by the active semicon-
ductor structure 104. The dielectric layer 108 may comprise
Si0,, although various other materials may be used. The
metal layer 112 surrounding the dielectric layer 108 may
comprise aluminum, gold, silver, platinum, titanium or vari-
ous other metals and alloys.

As shown in FIG. 1, light generated from the active semi-
conductor structure 104 emitted along light paths 161, 162
and 165 passes through the dielectric layer 108 to the metal
layer 112 and reflects back through the active semiconductor
structure 104 and/or substrate 102 towards the top or first
surface of the substrate 102.

As shown in FIG. 1, sidewalls of the substrate 102 and
active semiconductor structure 104 are tapered so as to reflect
light generated in the active semiconductor structure 104 in a
desired direction. In FIG. 1, the desired or primary direction
for light is out through the top or first surface of the substrate
102. It is to be appreciated, however, that various other
desired directions may be selected for a particular embodi-
ment. In addition, an amount of tapering or a tapering profile
of at least one sidewall of the active semiconductor structure
104 may be selected to achieve desired reflective properties.

In FIG. 1, sidewalls of the substrate 102 are tapered
inwardly from the top or first surface of the substrate 102.
Similarly, sidewalls of the active semiconductor structure 104
are tapered inwardly from the top or first surface of the active
semiconductor structure 104. Itis important to note that while
FIG. 1 shows the entire length of the sidewalls of the substrate
102 and active semiconductor structure 104 being tapered,
embodiments are not limited solely to this arrangement. In
some embodiments, a portion of the sidewalls of the substrate
102 and/or active semiconductor structure 104 may be sub-
stantially perpendicular to the top or first surface of the sub-
strate 102 and/or the top or first surface of the active semi-
conductor structure 104. In other embodiments, the substrate
may not be tapered at all.
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As shown in FIG. 1, portions of the sidewalls of the active
semiconductor structure 104 have different tapering. A given
portion of the sidewalls of the active semiconductor structure
104 extending from the active region 106 to the bottom or
second surface of the active semiconductor structure 104 has
a different tapering than a remainder of the sidewalls of the
active semiconductor structure 104. It is important to note,
however, that the given portion need not extend from the
active region 106 to the bottom or second surface of the active
semiconductor structure 104. Instead, for example, the given
portion may comprise a portion of the sidewalls of the active
semiconductor structure 104 proximate the bottom or second
surface of the active semiconductor structure 104 which does
not include sidewalls surrounding the active region 106 or
includes only portions of the sidewalls surrounding the active
region 106.

The tapering of at least one sidewall of the active semicon-
ductor structure 104 may be chosen to reduce stress points at
corners or edges of the active semiconductor structure 104
where the bottom surface of the active semiconductor struc-
ture 104 meets at least one sidewall of the active semiconduc-
tor structure 104. In some embodiments, the active semicon-
ductor structure is formed such that the active region strip 106
is only a few micrometers from the bottom or second surface
of'the semiconductor structure 104. Thus, stress points at the
corners or edges of the active semiconductor structure 104
which cause cracking or other discontinuities in the dielectric
layer 108 may short the LED 100 by contacting the metal
layer 112 to the active region 106. Semiconductor optical
emitting devices in embodiments of the invention may have
portions of sidewalls with varying tapering so as to reduce
these stress points. In addition, various other portions of
sidewalls of the active semiconductor structure 104 may be
tapered so as to reduce other stress concentration areas.

The active region 106 may also be isolated using a variety
of techniques, including selective etching or laser dicing, ion
milling, and/or selective area growth techniques. These tech-
niques can allow for better control of the tapering for side-
walls of the active semiconductor structure and prevent dam-
age such as shorting.

The tapering of the sidewalls of the active semiconductor
structure 104 may be described in terms of a slope defined
with respect to an x-axis substantially parallel to the bottom or
second surface of the active semiconductor structure 104 and
a y-axis which is perpendicular to the x-axis. The slope, i.e.,
Ay/Ax, of the given portion of the sidewalls of the active
semiconductor structure 104 extending from the active region
106 to the bottom or second surface of the active semicon-
ductor structure 104 has a magnitude which is less than that of
the remainder of the sidewalls. Thus, the angle of the corner of
the sidewalls and the bottom surface of the active semicon-
ductor structure 104 is more obtuse than an angle of the
remainder of the sidewalls of the active semiconductor struc-
ture 104 with respect to the bottom surface of the active
semiconductor structure 104.

Itis to be appreciated that the given portion of the sidewalls
of the active semiconductor structure 104 need not have a
uniform or constant slope. Instead, the given portion of the
sidewalls of the active semiconductor structure 104 may com-
prise one or more linear segments of varying slopes. The
given portion of the sidewalls of the active semiconductor
structure 104 may also be curved such that they form a
rounded edge with the bottom surface of the active semicon-
ductor structure 104. Various other tapering profiles and
arrangements may be utilized for portions of sidewalls of the
active semiconductor structure 104 in other embodiments.
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The LED 100 further comprises a submount 114 config-
ured to support the active semiconductor structure 104 and its
associated substrate 102. Part of an upper surface of the
submount 114 underlies the active region 106 of the active
semiconductor structure 102. This arrangement of active
semiconductor structure 102, substrate 104 and submount
114 is an example of a flip-chip configuration of an LED.
Although such flip-chip configurations can provide enhanced
thermal management and optical coupling of light emission,
other types and arrangements of semiconductor optical emit-
ting device packaging can be used.

As indicated above, the submount 114 supports the active
semiconductor structure 104 and the substrate 102. A sub-
mount bond pad 116 and solder bump 118 are formed on an
upper surface of the submount 114 for coupling to a p-contact
110 on a bottom or second surface of the active semiconduc-
tor structure 104. The p-contact 110 may be formed integrally
with or otherwise associated with a reflector of the active
semiconductor structure 104.

The above-noted reflector is generally arranged to reflect
light generated in the active region 106 away from the bottom
or second surface of the active semiconductor structure 104
and back toward the substrate 102.

An n-contact 120 is also formed for connecting to a first or
top surface of the substrate 102. At least one via is provided in
the substrate 102 for connecting the n-contact 120 to the
active semiconductor structure 104.

Again, the LED 100 is exemplary only, and other types of
LED structures or more generally semiconductor optical
emitting devices may be used. For example, as indicated
previously, the particular LED structure used as the active
semiconductor structure 104 in FIG. 1 could be replaced in
other embodiments with other types of LED structures as well
as SEL structures.

Formation of the LED 100 will now be described with
respect to FIGS. 2-11.

FIG. 2 shows active semiconductor structure 104 with the
first surface facing a second surface of the sapphire substrate
102. The first surface of the active semiconductor structure
104 corresponds to the top surface of the active semiconduc-
tor structure 104 as shown in FIG. 1, and the second surface of
the substrate 102 corresponds to the bottom surface of the
substrate 102 as shown in FIG. 1.

The sapphire substrate 102 has a particular initial thick-
ness, which may be by way of example approximately 400
micrometers (um). It is assumed that the GaN LED structure
is formed by growing multiple GaN layers epitaxially on the
sapphire substrate using metal organic vapor deposition
(MOCVD). Similar techniques may be used to form other
types of active semiconductor structures, such as LED struc-
tures. The active semiconductor structure 104 has an active
region stripe 106 formed therein.

Mounting tape 201 is attached to the first surface of the
substrate 102 for further processing steps in forming the LED
100. A variety of films and other materials may be used for the
mounting tape 201. The particular film or adhesive material
chosen may depend on a number of factors, including by way
of example the adhesive strength required for subsequent
processing steps, such as grinding the substrate 102 to a
desired thickness, and the ease of picking up, placing and
releasing the structure for bonding into a package. In some
embodiments, UV-tape or thermal release tape is used. UV-
tape and thermal release tape provide sufficient adhesive
strength for sawing and grinding processes while also pro-
viding a repeatable and low release strength for picking up,
placing and releasing the structure.
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Next, the structure is pre-sawed to a predetermined depth
using beveled diamond blades 301 as shown in FIG. 3. The
pre-saw procedure establishes individual die size, die thick-
ness, and portions of the tapering of sidewalls of the active
semiconductor structure 104 and the substrate 102. The size
and shape of the beveled diamond blades 301 may be chosen
based on a desired tapering of portions of the sidewalls of the
active semiconductor structure 104 and the substrate 102.

Various other processing techniques may be used to estab-
lish the individual die size, die thickness and tapering of
portions of the active semiconductor structure 104 and the
substrate 102. For example, laser dicing, ion milling or other
micromachining technique may be utilized in place of or in
combination with the beveled diamond blades 301.

In some embodiments, an etch mask layer may be formed
onasecond surface of the active semiconductor structure 104.
The etch mask layer can be coated with photoresist and pat-
terned to expose areas of the mask to be removed. Subse-
quently, the etch mask material can etched and the photoresist
removed using reactive ion etching (RIE) or wet etching to
expose portions of the second surface of the active semicon-
ductor structure and leave a patterned mask. The exposed
portions of the second surface of the active semiconductor
structure can then be etched to achieve a desired tapering of
sidewalls of the active semiconductor structure and/or the
substrate.

In other embodiments, an active semiconductor structure
may be grown on a portion of a substrate exposed using a
growth mask. Selected area growth techniques may be uti-
lized for forming the active semiconductor structure with a
desired tapering for its sidewalls. One skilled in the art will
readily appreciate that various other processes may be uti-
lized.

FIG. 4 shows a post-processing etch formed on portions of
the active semiconductor structure 104. The post-processing
etch can be used to provide rounded edges where the second
surface of the active semiconductor structure 104 meets the
sidewalls of the active semiconductor structure. The post-
processing etch, as described above, can advantageously
shape or form portions of the sidewalls of the active semicon-
ductor structure 104 with a different tapering so as to reduce
stress points along edges where the sidewalls of the active
semiconductor structure 104 meet the bottom surface of the
active semiconductor structure 104. As noted above, stress
points on the sidewalls may lead to cracking of the passivation
or dielectric layer 108. In some embodiments, the active
region 106 is within a few micrometers of the second surface
of the active semiconductor structure 104, and thus the struc-
ture may be susceptible to shorts that can occur due to cracks
in the passivation or dielectric layer along edges where the
sidewalls of the active semiconductor structure 104 meet the
bottom surface of the active semiconductor structure.

Dielectric layer 108 is then formed as shown in FIG. 5. The
dielectric layer 108 is formed on the second surface of the
active semiconductor structure 104 and the sidewalls of the
active semiconductor structure 104 and substrate 102
exposed by the pre-saw and post-processing etch processes
illustrated in FIGS. 3 and 4. The dielectric layer 108 may be
deposited using atomic layer deposition (ALD). The dielec-
tric layer 108 may alternatively be deposited using a number
of other techniques, including by way of example, plasma-
enhanced chemical vapor deposition (PECVD). The dielec-
tric layer 108 may be approximately 1.0 to 2.0 pm thick and
formed from silicon dioxide (SiO,), although other thick-
nesses and materials could be used. Embodiments which
utilize this thin dielectric layer 108 of approximately 1.0 to
2.0 um can provide enhanced reflection. For a thin dielectric
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layer 108, light emitted from the active semiconductor struc-
ture 104 does not need to travel as far before being reflected
towards the top surface of the substrate 102 by the metal layer
112.

A conformal photoresist layer 601 is then formed over the
dielectric layer 108 as shown in FIG. 6. The photoresist layer
601 may be deposited using spray coating techniques,
although various other techniques may be used. Next, the
photoresist layer 601 is exposed and patterned to form an
opening 701 as shown in FIG. 7. This may involve, for
example, etching the dielectric layer 108 into stripe masks
using wet etching techniques, such as a buffer-oxide-etch
(BOE) process. The p-contact 110 is later formed in the
opening 701. RIE or wet etching is used to remove the
remaining photoresist layer 601 and the portion of the dielec-
tric layer 108 exposed by opening 701 as shown in FIG. 8.

A conformal layer of reflective metallization is then depos-
ited on the dielectric layer 108 and the portion of the active
semiconductor structure 104 exposed by opening 701 as
shown in FIG. 9. The conformal layer of reflective metalliza-
tion forms the p-contact 110 and the metal layer 112. The
conformal layer of reflective metallization may be deposited
using ALD, although other suitable techniques may also be
used.

A tape-to-tape transfer is then performed as shown in FIG.
10 to expose the first surface of the substrate 102. Mounting
tape 201 is removed from the first surface of the substrate 102
and mounting tape 1001 is placed to protect the p-contact 110,
the metal layer 112 and the topography of the structure.

A backside grind is performed as shown in FIG. 11 to
separate the wafer into individual die. A grinding tool 1101 is
used to grind the substrate 102 down to a desired thickness. As
described above, the initial thickness of the substrate 102 may
be 400 um, and the substrate 102 may be ground down to
approximately 200 pm.

Although the desired thickness in this example is approxi-
mately 200 pm, numerous other thicknesses may be used. It
should therefore be appreciated that thicknesses and other
dimensions referred to herein are exemplary only. The thick-
ness of the substrate 102 may be selected based on the taper-
ing of sidewalls of the substrate 102 and/or the tapering of
sidewalls of the active semiconductor structure 104 for
desired reflective properties in a particular application. The
desired thickness may also be selected to reduce the mean free
path and improve light extraction from the active region 106
of active semiconductor structure 104. Also, a GaN buffer
layer of the active semiconductor structure 102 may be used
as an etch stop to provide additional reduction in the mean
free path.

Once the wafer is separated into individual die as shown in
FIG. 11, the die can be picked up and placed such that the
p-contact 110 and metal layer 112 are mounted on the solder
bump 118 as shown in FIG. 1. Photolithography and wet
etching processes can be used to define the solder bump 118
pattern. The solder bump 118 may comprise tin (Sn) which is
electroplated onto the p-contact 110.

In some embodiments, the grinding process may com-
pletely remove the substrate 102 by grinding down to the
active semiconductor structure 104 to separate the wafer into
individual die. An individual die can be picked up and placed
from the mounting tape directly for bonding to a submount.
Thus, it is to be appreciated that in some embodiments an
LED is formed similar to the LED 100 shown in FIG. 1
without the substrate 102.

In other embodiments, a laser lift-off technique may be
utilized instead of grinding down the substrate 102 and/or
active semiconductor structure 104. In a laser lift-off tech-
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nique, the second surface of the substrate 102 is illuminated
by a laser. Sacrificial layers in the active semiconductor struc-
ture 104 can delaminate from the substrate 102, or some
amount of the Gallium (Ga) in the active semiconductor
structure 104 can liquefy causing the active semiconductor
structure 104 to delaminate from the substrate 102.

The above-described process operations are assumed to be
performed at the wafer level, and the processed wafer is then
separated into individual integrated circuits. A given one of
the integrated circuits is arranged into a flip-chip package by
bonding to the submount 114 as previously described.

It is important to note that embodiments of the invention
are not limited solely to separating the watfer into individual
die as shown in FIG. 11. Instead, as will be described in
further detail below, a number of die of the wafer may be
grouped into an array, where the metal layer is formed around
sidewalls of the array of die on the wafer.

FIGS. 12 and 13 show cross-sectional views of different
possible configurations for the sidewalls of active semicon-
ductor structure 104, dielectric layer 108 and metal layer 112
shown in LED 100 of FIG. 1. Like reference numerals in
FIGS. 12 and 13 refer to similar elements in FIG. 1.

FIG. 12 shows an LED 1200 where the dielectric layer
1208 surrounding the sidewalls of the substrate 102, the side-
walls of the active semiconductor structure 104 and a portion
of the bottom surface of the active semiconductor structure
104 has a non-uniform thickness. As discussed above, edges
where the sidewalls of the active semiconductor structure 104
meet the bottom or second surface of the active semiconduc-
tor structure 104 can form a stress point. Cracking of the
dielectric layer 1208 at this stress point can cause the metal
layer 1212 to short the LED 1200. As shown in FIG. 12, the
dielectric layer 1208 at this stress point is thicker than the
dielectric layer 1208 on a remainder of the sidewalls of the
active semiconductor structure 104 to help avoid shorting the
LED 1200. By way of example, the dielectric layer 108 at this
stress point may be twice as thick as a remainder of the
dielectric layer 108 although various other thickness configu-
rations may be utilized. As further examples, the ratio of the
thickness of the dielectric layer 108 at stress points relative to
a remainder of the sidewalls may be 3:2 or 3:1.

FIG. 13 shows an LED 1300 where the tapering of a given
portion of the sidewalls of the active semiconductor structure
104 is shaped so as to form a rounded edge with respect to the
bottom surface of the active semiconductor structure 104. As
shown in FIG. 13, the dielectric layer 1308 at this edge is
rounded, reducing the severity of the stress point at edges
where the sidewalls of the active semiconductor structure 104
meet the bottom surface of the active semiconductor structure
104, thus helping to prevent the metal layer 1312 from short-
ing the LED 1300. In addition to having a rounded edge, the
LED 1300 may also have a thicker dielectric layer at stress
points as described above with respect to the LED 1200.

As described above, in some embodiments the wafer is not
physically separated into die which are individually pack-
aged. FIGS. 14-19 illustrate respective steps in a process of
forming an array of semiconductor optical emitting devices in
these embodiments.

FIG. 14 shows a cross-sectional view of the structure of
FIG. 5 with a planarizing layer of dielectric 1401 formed over
the dielectric layer 108. The planarizing dielectric layer 1401
may be deposited using ALD, though a number of other
techniques may be utilized as described above. It is to be
appreciated that although the planarizing dielectric layer
1401 is shown in FIG. 14 as being deposited on the dielectric
layer separating three individual die, embodiments are not
limited to this arrangement. Instead, the planarizing dielectric
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layer 1401 may be formed on a wafer with two individual die
or more than three individual die.

A photoresist layer 1501 is formed over the planarizing
dielectric layer 1401 as shown in FIG. 15. The photoresist
layer 1501 may be deposited using spray coating techniques,
although various other techniques may also be used. Next, the
photoresist layer 1501 is exposed and patterned to form an
opening 1600. Although FIG. 16 shows an opening 1600 in a
single die only, additional openings may be formed in a
similar manner in other die of the wafer. P-contact 1710 is
formed in the opening 1600 as shown in FIG. 17.

It is important to note that while FIGS. 14-19 show pla-
narizing dielectric layer 1401 substantially filling spaces
between sidewalls of adjacent die in the wafer, embodiments
are not limited solely to this arrangement. Instead, in some
embodiments a reflective material such as a metal layer may
be formed between sidewalls of adjacent die in the wafer in
place of at least a portion of the planarizing dielectric layer
1401.

A metal layer 1812 is then formed on the outer sidewalls of
the array as shown in FIG. 18. While FIG. 18 shows a cross-
sectional view of an array of two die with a contiguous metal
layer 1812 formed on outer sidewalls, the planarizing dielec-
tric layer 1401, and p-contacts 1710, embodiments are not
limited solely to this arrangement. In other embodiments,
arrays may comprise more than two die formed on a single
wafer which are grouped into the array with a metal layer
1812 surrounding sidewalls of the array and the planarizing
dielectric layer 1401.

After formation of the metal layer 1812, a tape-to-tape
transfer and grinding process may be performed so as to form
the array 1900 shown in FIG. 19. The tape-to-tape transfer
and grinding process may be performed using techniques
similar to those described above with respect to FIGS. 9-11.

The array 1900 shown in FIG. 19 may be subsequently be
picked up and mounted on a submount as shown in FIG. 20 to
form LED array 2000. The array is mounted on a solder bump
2018. The solder bump 2018 is mounted on a submount bond
pad 2016 arranged on submount 2014. An n-contact 2020 is
connected as shown in FIG. 20. Respective vias may be
provided in the substrate 102 for connecting the n-contact
2020 to the active semiconductor structure 104 in each of the
die in the LED array 2000. It is important to note that while
FIG. 20 shows only a single n-contact 2020, embodiments are
not limited to this arrangement. For example, each die in the
LED array 2020 may have an individually addressable n-con-
tact.

The p-contacts 1710 for each die in the LED array 2000 are
connected to one another via the metal layer 1812. Thus, the
individual die in the LED array 2000 are not individually
addressable via the respective p-contacts 1710. In other
embodiments, the p-contacts for each die in an array may be
mirror well separated from the metal layer 1812. FIG. 21
shows a cross-sectional view of such an arrangement. Indi-
vidual p-contacts 2110-1 and 2110-2 are formed for each die
in the array 2100. Each of the p-contacts 2110 may be indi-
vidually addressable, such that particular ones of the dies in
the array 2100 may be individually activated. The array 2100
shown in FIG. 19 may be subsequently be picked up and
mounted on a submount as shown in FIG. 22 to form LED
array 2200 in a manner similar to that described above with
respect to FIG. 20.

In some embodiments, the submount for an array of LEDs
may have patterned contacts so that when an LED array is
transferred or bonded to the submount portions of the array
can be separately contacted.
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P-contacts and/or n-contacts of an array of LEDs formed
on a single wafer may also be connected in one or more banks
of'two or more LEDs. Each bank of two or more LEDs may be
individually addressable. In some embodiments, the different
banks of LEDs may be utilized for providing different light
output characteristics such as intensity, pattern, etc. In other
embodiments, banks of LEDs may be utilized for redundancy
purposes. Some banks may be primary banks where others
are redundancy banks. If a primary bank fails, it may be
replaced by activating a redundancy bank. Similar redun-
dancy techniques may be utilized for an array of individually
addressable LEDs. Particular ones of LEDs in a bank which
are shorted may also be eliminated from a bank using isola-
tion or fuse burning techniques.

FIG. 23 illustrates an array 2300 of semiconductor optical
emitting devices with metallized sidewalls. The semiconduc-
tor optical emitting devices of array 2300 include LED
2301-1 with metallized sidewall reflector 2302-1, LED
2301-2 with metallized sidewall reflector 2302-2, LED
2301-3 with metallized sidewall reflector 2302-3, and LED
2301-4 with metallized sidewall reflector 2302-4. Each of the
LEDs 2301 and metallized sidewall reflectors 2302 in the
array 2300 may be an LED similar to that described above
with respect to FIG. 1, FIG. 12 or FIG. 13. It is important to
note that while FIG. 23 illustrates an array 2300 of four LEDs
2301 in a square grid layout, embodiments are not limited
solely to this arrangement. An array may comprise more or
less than four semiconductor optical emitting devices
arranged in a variety of shapes. For example, an array may
comprise a line of semiconductor optical emitting devices, a
circle of semiconductor optical emitting devices, etc.

FIG. 24 illustrates the array 2300 of FIG. 23 with a com-
mon array reflector 2400 surrounding each of the LEDs 2301
and metallized sidewalls 2302. The common array reflector
2400 can be shaped to direct light emitted from each of the
LEDs 2301 in a desired direction.

As mentioned previously, semiconductor optical emitting
devices such as those described above can be implemented in
the form of integrated circuits. In a given such integrated
circuit implementation, identical die are typically formed in a
repeated pattern on a surface of a semiconductor wafer. Each
die includes circuitry as described herein, and may include
other structures or circuits. The individual die are cut or diced
from the wafer, then packaged as an integrated circuit. One
skilled in the art would know how to dice wafers and package
die to produce integrated circuits. Integrated circuits so
manufactured are considered embodiments of the invention.
In addition, as noted above in some instances a device may be
formed wherein two or more individual die on a wafer form an
array structure.

FIG. 25 shows one example of an integrated circuit
embodiment of the invention. In this embodiment, an inte-
grated circuit 2500 comprises an array 2502 of LEDs 100
each configured as previously described in conjunction with
FIG. 1. Control circuitry 2504 is coupled to the array 2502 of
LEDs and is configured to control generation of light by those
LEDs. The integrated circuit 2500 may be implemented in a
lighting system, an electronic display or another type of sys-
tem or device.

As another example, a given optical emitting device inte-
grated circuit 2500 may be incorporated into a processing
device 2600 as illustrated in FIG. 26. Such a processing
device may comprise a laptop or tablet computer, a mobile
telephone, an e-reader or another type of processing device
that utilizes one or more LED integrated circuits to provide
back lighting or for other functions.
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In the processing device 2600, the optical emitting device
integrated circuit 2500 is coupled to a processor 2610 that
controls generation of light by the corresponding array of
LEDs.

The processor 2610 may comprise, for example, a micro-
processor, an application-specific integrated circuit (ASIC), a
field-programmable gate array (FPGA), a central processing
unit (CPU), an arithmetic logic unit (ALU), a digital signal
processor (DSP), or other similar processing device compo-
nent, as well as other types and arrangements of circuitry, in
any combination.

The processor 2610 is coupled to a memory 2612. The
memory 2612 stores software code for execution by the pro-
cessor 2610 in implementing portions of the functionality of
the processing device 2600. A given such memory that stores
software code for execution by a corresponding processor is
an example of what is more generally referred to herein as a
computer-readable medium or other type of computer pro-
gram product having computer program code embodied
therein, and may comprise, for example, electronic memory
such as random access memory (RAM) or read-only memory
(ROM), magnetic memory, optical memory, or other types of
storage devices in any combination. As indicated above, the
processor may comprise portions or combinations of a micro-
processor, ASIC, FPGA, CPU, ALU, DSP or other circuitry.
Such circuitry components utilized to implement the proces-
sor may comprise one or more integrated circuits.

The particular configurations of integrated circuit 2500 and
processing device 2600 as shown in respective FIGS. 25 and
26 are exemplary only, and in other embodiments integrated
circuits and processing devices may include other elements in
addition to or in place of those specifically shown, including
one or more elements of a type commonly found in conven-
tional implementations of such circuits and devices.

It should again be emphasized that the embodiments of the
invention as described herein are intended to be illustrative
only. For example, other embodiments of the invention can be
implemented utilizing a wide variety of different types and
arrangements of semiconductor optical emitting devices,
active semiconductor structures, substrates, and sidewall
tapering profiles other than those utilized in the particular
embodiments described herein. Also, the particular process
operations and associated parameters such as materials and
thicknesses are exemplary only. In addition, the particular
assumptions made herein in the context of describing certain
embodiments need not apply in other embodiments. These
and numerous other alternative embodiments within the
scope of the following claims will be readily apparent to those
skilled in the art.

What is claimed is:

1. A semiconductor optical emitting device comprising:

an at least partially transparent substrate comprising a first
surface and a second surface;

an active semiconductor structure comprising a first sur-
face, a second surface and at least one sidewall, the first
surface of the active semiconductor structure facing the
second surface of the substrate;

a dielectric layer surrounding at least a portion of the at
least one sidewall of the active semiconductor structure;
and

a metal layer surrounding at least an outer portion of the
dielectric layer;

wherein the at least one sidewall of the active semiconduc-
tor structure is tapered;

wherein a first portion of the at least one sidewall of the
active semiconductor structure has a different tapering
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than a second portion of the at least one sidewall of the
active semiconductor structure; and

wherein the active semiconductor structure comprises an

active region proximate the second surface of the active
semiconductor structure, the first portion of the at least
one sidewall of the active semiconductor structure
extending from the active region to the second surface of
the active semiconductor structure.

2. The device of claim 1, wherein the at least one sidewall
of the active semiconductor structure is tapered inwardly
from the first surface of the active semiconductor structure.

3. The device of claim 1, wherein the first portion of the at
least one sidewall of the active semiconductor structure forms
a rounded edge with the second surface of the active semi-
conductor structure.

4. The device of claim 1, wherein the first portion of the at
least one sidewall of the active semiconductor structure and
the second portion of the at least one sidewall of the active
semiconductor structure comprise respective linear seg-
ments, a magnitude of a slope of the linear segment of the first
portion of the at least one sidewall of the active semiconduc-
tor structure with respect to the second surface of the active
semiconductor structure being less than a magnitude of a
slope of'the linear segment of the second portion of the at least
one sidewall of the active semiconductor structure with
respect to the second surface of the active semiconductor
structure.

5. The device of claim 1, wherein the at least one sidewall
is tapered such that the metal layer reflects at least a portion of
light generated by the active semiconductor structure towards
the first surface of the substrate.

6. The device of claim 1, wherein a taper of the first portion
of'the at least one sidewall of the active semiconductor struc-
ture is configured to reduce a stress concentration at an edge
of the active semiconductor structure where the at least one
sidewall of the active semiconductor structure meets the sec-
ond surface of the active semiconductor structure.

7. The device of claim 1, wherein a first portion of the
dielectric layer surrounding the first portion of the sidewalls
of the active semiconductor structure is thicker than a second
portion of the dielectric layer surrounding the second portion
of'the at least one sidewall of the active semiconductor struc-
ture.

8. The device of claim 1, wherein the dielectric layer com-
prises an at least partially transparent, passivating anti-reflec-
tive dielectric layer.

9. The device of claim 1, wherein dielectric layer is con-
figured to prevent surface absorption of light emitted from the
active region.

10. The device of claim 1, wherein the device is imple-
mented as one of a semiconductor laser and a light emitting
diode.

11. A method comprising:

forming an at least partially transparent substrate compris-

ing a first surface and a second surface;

forming an active semiconductor structure comprising a

first surface, a second surface and at least one sidewall,
the first surface of the active semiconductor structure
facing the second surface of the substrate;

forming a dielectric layer surrounding at least a portion of

the at least one sidewall of the active semiconductor
structure; and

forming a metal layer surrounding at least an outer portion

of the dielectric layer;

wherein the at least one sidewall of the active semiconduc-

tor structure is tapered;
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wherein a first portion of the at least one sidewall of the

active semiconductor structure has a different tapering

than a second portion of the at least one sidewall of the
active semiconductor structure; and

wherein the active semiconductor structure comprises an

active region proximate the second surface of the active
semiconductor structure, the first portion of the at least
one sidewall of the active semiconductor structure
extending from the active region to the second surface of
the active semiconductor structure.

12. The method of claim 11, wherein a first portion of the
dielectric layer surrounding the first portion of the sidewalls
of'the active semiconductor structure is thicker than a second
portion of the dielectric layer surrounding the second portion
of'the at least one sidewall of the active semiconductor struc-
ture.

13. An apparatus comprising:

one or more semiconductor optical emitting devices; and

control circuitry coupled to said one or more semiconduc-

tor optical emitting devices for controlling generation of
light by said one or more semiconductor optical emitting
devices;

at least a given one of the one or more semiconductor

optical emitting devices comprising:

an at least partially transparent substrate comprising a
first surface and a second surface;

an active semiconductor structure comprising a first sur-
face, a second surface and at least one sidewall, the
first surface of the active semiconductor structure fac-
ing the second surface of the substrate;

a dielectric layer surrounding at least a portion of the at
least one sidewall of the active semiconductor struc-
ture; and

a metal layer surrounding at least an outer portion of the
dielectric layer;

wherein the at least one sidewall of the active semicon-
ductor structure is tapered;

wherein a first portion of the at least one sidewall of the
active semiconductor structure has a different taper-
ing than that of a second portion of the at least one
sidewall of the active semiconductor structure; and

wherein the active semiconductor structure comprises
an active region proximate the second surface of the
active semiconductor structure, the first portion of the
at least one sidewall of the active semiconductor
structure extending from the active region to the sec-
ond surface of the active semiconductor structure.

14. The apparatus of claim 13 wherein the one or more
semiconductor optical emitting devices and the control cir-
cuitry are implemented in one or a lighting system and an
electronic display.

15. The apparatus of claim 13, wherein the control circuitry
coupled to said one or more semiconductor optical emitting
devices for controlling generation of light by said one or more
semiconductor optical emitting devices is a component of an
integrated circuit.
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16. The apparatus of claim 13, wherein a first portion of the
dielectric layer surrounding the first portion of the sidewalls
of the active semiconductor structure is thicker than a second
portion of the dielectric layer surrounding the second portion
of'the at least one sidewall of the active semiconductor struc-
ture.

17. The apparatus of claim 13 wherein the one or more
semiconductor optical emitting devices comprise an array of
semiconductor optical emitting devices coupled to the control
circuitry.

18. The apparatus of claim 17, wherein the array of semi-
conductor optical emitting devices comprises at least two of
the given semiconductor optical emitting devices formed on a
single wafer.

19. The apparatus of claim 18, wherein first and second
ones of the given semiconductor optical emitting devices
comprise respective individual p-contacts separate from the
metal layer such that each of the first and second ones of the
given semiconductor optical emitting devices is individually
activatable by the control circuitry.

20. An apparatus comprising:

one or more semiconductor optical emitting devices; and

control circuitry coupled to said one or more semiconduc-

tor optical emitting devices for controlling generation of
light by said one or more semiconductor optical emitting
devices;

at least a given one of the one or more semiconductor

optical emitting devices comprising:

an at least partially transparent substrate comprising a
first surface and a second surface;

an active semiconductor structure comprising a first sur-
face, a second surface and at least one sidewall, the
first surface of the active semiconductor structure fac-
ing the second surface of the substrate;

a dielectric layer surrounding at least a portion of the at
least one sidewall of the active semiconductor struc-
ture; and

a metal layer surrounding at least an outer portion of the
dielectric layer;

wherein the at least one sidewall of the active semicon-
ductor structure is tapered; and

wherein a first portion of the at least one sidewall of the
active semiconductor structure has a different taper-
ing than a second portion of the at least one sidewall of
the active semiconductor structure;

wherein the one or more semiconductor optical emitting

devices comprise an array of semiconductor optical

emitting devices coupled to the control circuitry;

wherein the array of semiconductor optical emitting
devices comprises at least two of the given semiconduc-
tor optical emitting devices formed on a single wafer;
and

wherein the metal layer of the at least two given semicon-

ductor optical emitting devices form a single p-contact

for the at least two given semiconductor optical emitting
devices.



